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Abstract
Tricycles are considered one of the most popular modes of transportation in the Philippines, due to their accessibility and 
capability to drop off passengers at almost any point. However, passengers that ride in the tricycle sidecar are subject to awkward 
postures and motions that cause discomfort, according to different surveys. The aim of this research was to use different methods 
of ergonomic assessment to evaluate the factors that contribute to discomfort of passengers during 3 phases: while entering, 
riding, and exiting a tricycle. Multivariate analysis and logistic regression were used to determine the correlation between 
anthropometric measurements and the perception of discomfort, while RULA and REBA were used to provide postural analysis. 
95 samples of anthropometric data were taken, along with surveys regarding the presence of discomfort during the 3 study 
phases. The results show that the two statistically significant factors in predicting discomfort were sitting height and popliteal 
height. The regression model also predicts a high probability of discomfort for passengers with average and above average 
anthropometric measurements, during all 3 study phases. However, passengers during ingress and egress motion had higher of 
experiencing discomfort than those riding inside the sidecar. The postural analysis further strengthens this result, as the ingress 
and egress motion scored 11 for REBA, concluding that the motions were high-risk and needed change immediately.
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1. Introduction
In the Philippines, there are numerous forms of public transportation that normal commuters can use on a daily 
basis. These range from small type vehicles to the larger types that can accommodate a greater amount of people at a
particular time. All around the country, these modes of transportation are frequently seen along roads, and they serve 
as the primary form of getting from one place to another.
The tricycle is one of the most commonly used modes of transportation in the Philippines. Its structure is 
composed of a motorcycle connected to a sidecar which serves as the cabin for the commuters who will be riding the 
vehicle. Due to its small size, structure and capability to drop passengers off at specific points, it is one of the most 
preferred vehicles of passengers [1]. Unlike the jeep or taxi however, the tricycle can only serve a limited amount of 
people at a time and the distance it can travel is limited depending on the location of the tricycle itself. Along with 
this fact, there have been some issues concerning riding tricycles, especially the discomfort passengers are subject to 
when riding in the sidecar. 
Surveys have been conducted regarding the overall safety and comfort rate of tricycles, and the results convey 
that majority of passengers are not satisfied with their tricycle ride experience due to discomfort. A majority of these 
passengers have been known to use the tricycle as a last resort due to the discomfort it brings, along with other 
factors that will be further discussed in the study. [1] In Quezon City, considered as one of the most populated areas 
in Metro Manila, tricycles can be seen around every corner, serving and accommodating the commuters in the 
different municipalities and barangays. Ergonomic analysis could determine the factors that affect discomfort, and 
could provide scientific basis for changes in tricycle design to create a more comfortable experience for passengers.
2. Problem statement
Passengers using the tricycle transportation system in Quezon City are exposed to awkward postures and have 
difficulties in embarking and disembarking which may lead to injuries coming from prolonged exposure to 
unnecessary strain. (See Table 3)
3. Significance of the study
The tricycle is one of the most commonly used public transportation modes in the Philippines. People from 
different social strata use the tricycle on multiple occasions per day at most. Due to its popularity, it is important to 
create an ergonomic assessment of different tricycle designs. According to recent surveys conducted by the group 
itself and from various sources surrounding the topic, majority of the commuters complain about the overall ride 
comfort and experience when riding a tricycle. [1] (See Table 3)Therefore, the safety and comfort of the passengers 
should be assessed in order to prevent injuries from prolonged exposure to awkward postures and cramped 
conditions. Recommendations for the improvement of the tricycle design would lead to a more comfortable and 
safer experience for the passengers.
4. Scope and limitations
The study is limited to Tricycles in Quezon City, Philippines alone. Only the sidecars of the Tricycles were 
measured and analyzed. Only the anthropometric data of people who rides the tricycle were measured.
5. Review of related literature
In a study based in the island of Siquijor in the Philippines, the tricycle was rated the second-lowest preference 
for modes of public transportation when comfort and safety were the deciding parameters. In addition to this, 17% 
of those who took a survey stated that the only reason they rode the tricycle was that it was the only public 
transportation mode available. However, 53% preferred the tricycle as a mode of transportation because it has the 
capability to bring the passenger closest to the desired destination. [1] Since the demand for tricycle operation is 
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high, a need for analysis of the factors affecting the discomfort of passengers could provide basis for the 
improvement of the preference of the use of this mode of transportation.
Some of the factors to be considered in the ergonomic analysis and design of products are the anthropometric 
dimensions of the population that is intended to make use of the product. Anthropometric measurements were used 
by Case, K. et al. to provide a basis for the evaluation of fitting design of a workplace, specifically designing for the 
disabled population. The parameters used by the researchers were chosen to determine whether the population fit the 
set of evaluative criteria, particularly usability and spatial factors, and contributed to the sustainability of the design. 
[2]
To measure the relationship between comfort and sitting posture, different statistical methods have been used by 
researchers. A study conducted by Vergara and Page entitled ‘Relationship between comfort and back posture and 
mobility in sitting posture’ used the method linear correlation to find the said relationship between parameters. In 
addition to this method, multivariate analysis further refines the data by reducing the correlated variables and 
specifying which sitting and back postures affect comfort and mobility. The findings show that great changes of 
posture and postures with a forward-leaned pelvis and low mobility cause increased discomfort. [3]
Discomfort has also been measured using the parameters of vibration and seat inclination. Findings show a direct 
relationship between increasing vibration frequency and backrest inclination with discomfort levels experienced by 
subjects. [7] Those subjected to frequencies greater than 8Hz, especially with seat inclinations at 30, 60 or 90 
degrees reported a low level of comfort. The rate of growth of discomfort for the said parameters also is greater than 
the rest of the combinations.  
A series of studies by Cascioli, et. al. investigated the different factors that contributed to the perception of 
discomfort among wheelchair—users. One concluded that the shape and firmness of the surface at the buttock-chair 
interface also affects the comfort level of those seated. [8] That study used subjective rating methods to measure the 
comfort and the duration of the time it takes for subjects to achieve and maintain this comfort level.  Another study 
was focused on the relationship of limited legroom and the perception of discomfort. Using the method of non-
parametric analysis, it was determined that legroom did not contribute to the discomfort of passengers during 
prolonged sitting. Rather than legroom, the flexibility of passengers contributed more to the discomfort.   [9]
Ingress/egress motions for passengers of cars have been analyzed in recent years, and are one of the major 
considerations for car manufacturers. Different methods of analysis of motion have been used, such as kinematic 
analysis and video observation. One of the difficulties of analyzing this type of motion is that complexity of the 
ingress/egress motion itself. This is due to the number of body segments and postures involved. [4] The vehicle’s 
geometric characteristics are considered sources of discomfort and challenges in ingress/egress motion. Participants 
in a study by Crizzle, et al. presented that participants reported challenges with the doorway height, and sill height 
during the motion. [6]
There have been numerous published studies in the field of optimum and preferred human joint angles for 
automotive sitting postures. A literature review was conducted by Schmidt, S. et al. to find whether there were 
common data measurements, methods, and recommendations between the thirty different studies. [5] Due to the 
varying methodologies, some of which are not well-documented, the usability of the data is compromised. Despite 
this conclusion, there are ranges of optimum joint angles that are common throughout the studies. 
The primary objective of this study is to provide an ergonomic analysis of tricycle sidecars in Quezon City, so as 
to identify the sources of discomfort of passengers, as well as assess the postures that the users are subject to. A 
survey was conducted, similar to that conducted in Siquijor [1], to determine if passengers in Quezon City have the 
same opinion about the mode of transportation. This study focused on the three states that a passenger goes through 
to complete a tricycle ride: ingress, transit, and egress. The statistical methods used in the different studies, namely 
linear regression and multivariate analysis [3] [4] [8] [9] will also be used in this study to identify significant factors 
in the level of discomfort that passengers are subject to. This will be used in the static postural analysis during 
transit, or while the passenger is in the tricycle sidecar. However, to analyze the ingress/egress motion, the method 
of RULA/REBA will be used as the other methods (computer simulation and kinematic/dynamic analysis [4]) are 
not available. REBA will be used to assess the ingress/egress motion of passengers, and RULA will be used for the 
riding state. Using these tools, the specific problem areas will be identified and further research may be done to 
design a preferable, comfortable and ergonomic tricycle sidecar. 
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6. Methodology
A survey was conducted to collect data on the experience of discomfort of passengers while riding a tricycle. The 
area of concern was identifying whether they were having difficulty in entering, riding and exiting the sidecar of the 
tricycle. The respondents’ ages ranged from 10-62 years, all of these who ride the tricycle on a regular basis. This 
survey was initially used, upon inspection, to identify which part of the ride is the most uncomfortable, in relation to 
the two other states.
The anthropometric measurements of 20 people who ride the tricycle were initially measured. The data to be 
measured can be seen in Table 1. Then the preferred sample size was computed from the initial data gathered and 
the additional samples were taken afterwards. A total of 95 samples of anthropometric data were measured in order 
to account for the variation of data gathered from the pilot data.
Tricycles from different Tricycle Operators and Drivers Associations (TODA) around Quezon City were then 
measured. The TODA were chosen through convenience sampling and 5 tricycles from each were measured (Table 
2). The tricycles were considered as a representative of the tricycles in Quezon City since upon interview, the 
drivers disclosed that almost all the tricycle manufacturers around Quezon City follow the same standard.
To solve for the correlation between the anthropometric data and the probability of comfort, a regression model 
was needed. However, a standard ordinary least squares linear regression could not be used, since the survey data 
was binary; the respondents only could answer yes or no. Linear regression can be used when the independent 
variables are continuous or discrete, and the dependent variable is strictly continuous. To solve this, a new 
regression model was needed. 
The binary logistic regression model was the solution to the nature of the respondent data. Logistic regression is 
an extension of multiple linear regressions, and this model predicts the probability of getting the output data based 
on the independent variables.
In addition to the binary logistic regression model, standard multivariate analysis was used to determine which 
anthropometric measurements were significant in predicting discomfort in passengers. The Chi-Squared goodness of 
fit tests was also used to supplement the other statistical tests.
Three different sets of statistical analysis were used, one for each state of the passenger. Multiple binary logistic 
regression and multivariate analysis were applied to each of the states. After verifying the regression model, 
different percentiles of the anthropometric data were entered into the model to predict whether there would be 
discomfort at that percentile.
RULA and REBA tools were used in order to assess the risk exposure of the passengers when entering, riding, 
and disembarking a tricycle. The subjects riding the tricycle were observed and postural analysis was obtained using 
the RULA/REBA scores. 
Using the various methods of analysis and assessment, recommendations were given in order to increase the 
safety and comfort of the passengers of the tricycle.
Table1 Anthropometric Data Measured.
Anthropometric Data Measured
1) Sitting Height 7) Elbow to Fingertip
2) Buttock to Knee Length 8) Hand Length
3) Buttock to Popliteal Length 9) Hand Width
4) Knee Height 10) Shoulder Width
5) Popliteal Height 11) Hip Width
6) Shoulder to Elbow
Table 2. Tricycle Data Measured.
Tricycle Data Measured
1) Seat Width 7) Seat to Compartment
2) Seat Length 8) Compartment Width
3) Seat Height 9) Door Height
4) Sitting Height 10) Door Width
5) Floor Length 11) Width of space where to pay
6) Floor Width 12) Tilt of the tricycle
7. Results and discussions
For the motion of the ingress of passenger, the sitting height is the only significant factor (p = .002) at a 95% 
confidence interval. Using the regression model, the average of the anthropometric data has an 80% probability of 
experiencing discomfort when entering the tricycle sidecar. The 75th percentile is has a Y’ value of approximately 
1.66, which can be interpreted as a certainty of discomfort. For the 25th percentile, the Y’ value is negative, which 
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can be interpreted as a certainty of the absence of discomfort. Passengers with average and above-average 
anthropometric measurements, most significantly sitting height, have a high probability of experiencing discomfort 
during the ingress motion.
During the passenger’s ride, it is determined through the p-test that no anthropometric measures are strictly 
significant. However, the p-value of sitting height is 0.0051 and may be considered significant as the difference is 
0.0001. Using the model to predict discomfort results in no probabilities for the average and the 25th percentile, and 
an almost certainty that the 75th percentile experiences discomfort.
The egress motion p-test results reveal the significance of 2 anthropometric measurements, sitting height and 
popliteal height. The model predicts discomfort at all levels of percentile, leading to the conclusion that egress 
motion is the most discomfort causing, despite the differences in anthropometric measurements.
The results from all the tests strengthen the hypotheses by inspection and common sense; taller and bigger 
passengers are more prone to experience discomfort when riding in a tricycle sidecar. Further refinement of this 
conclusion includes the significance of the sitting height. Among all the states of the passenger, sitting height is 
significant or close to significant giving the researchers an area for consideration for recommendations to tricycle 
design. The sitting height determines that angle of torso to hip, and the angle of neck flexion. These angles affect the 
rating of the RULA/REBA studies for passenger body postures and motion, and thus greater sitting height has an 
effect of the rating. It is also determined from the data that the egress motion is the most uncomfortable, with the 
model predicting discomfort among different percentiles of the anthropometric data.
The passengers were exposed to very high risk during ingress and egress according to the REBA assessment tool 
and change should be implemented immediately. This means that the design of the door of the tricycle creates 
unnecessary strain for the passenger which could lead to injuries in the future. This is supported by the result of the 
survey where higher percentages of passengers were having difficulty in ingress and egress than the ride itself.
The ride got a score of 3 in the RULA assessment which means we should do further investigation and change 
may be needed. But according to the result of the survey passengers were also having difficulties while riding the 
tricycle. Other factors such as sitting height should be considered and it should be the basis for the change to be 
implemented
Table 3.Survey Results.
Survey Results (n=95) Having Difficulty Not Having Difficulty
% Having 
Difficulties
Ingress 62 33 65.26
Ride 56 39 58.95
Egress 65 30 68.42
Table 4.Anthropometric Data.
Anthropometric Measurement (in cm) Mean 5th Percentile Median 95th Percentile Std. Dev.
Sitting Height 85.33 79.00 85.00 93.30 4.28
Buttock to Knee Length 55.67 50.00 55.00 61.00 3.35
Buttock to Popliteal Length 46.88 42.00 46.00 53.00 3.64
Knee Height 52.93 47.70 52.00 59.00 3.35
Popliteal Height 45.07 39.97 44.20 52.00 3.37
Shoulder to Elbow Length 32.77 28.94 33.00 37.29 2.65
Elbow-Fingertip Length 43.27 38.73 43.00 47.30 2.96
Shoulder Breadth 41.83 35.87 41.50 48.49 3.92
Hip Breadth 34.99 28.70 35.00 42.32 4.43
Hand Length 18.32 16.00 18.00 20.65 1.40
Handbreadth (metacarpal) 10.07 9.00 10.00 11.50 0.85
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Table 5.Tricycle Measurements.
Tricycle Measured Data (in cm)
Mean (n=5) Total Mean 
(n=20)
Total Std. 
Dev.Philcoa Toda KrusnaLigas Toda BIC Toda Culiat Toda
Seat Width 76.71 76.96 76.45 76.96 76.80 0.87
Seat Length 36.58 38.10 37.08 38.86 37.66 2.30
Height of floor to seat 22.86 24.64 23.11 21.34 22.99 1.74
Sitting Height 85.60 84.33 86.11 84.33 85.09 1.75
Floor Length 57.91 57.40 60.45 58.42 58.55 1.88
Floor Width 76.71 76.96 76.45 76.96 76.77 0.87
Seat to Compartment 14.94 15.24 13.46 16.00 14.91 3.25
Width Compartment 15.19 14.73 14.73 15.49 15.04 1.63
Length Compartment 42.98 42.16 46.99 42.42 43.64 4.24
Height of Door 92.71 95.50 93.98 90.68 93.22 2.27
Width of Door 42.67 44.70 43.69 44.96 44.01 1.81
Width of space where to pay 80.26 78.99 81.28 77.22 79.44 2.65
Tilt (upper) in degrees 12.00 11.00 11.00 15.80 12.50 2.84
Tilt (lower) in degrees 10.00 9.00 10.00 16.20 11.30 4.80
Table 6.Summary of Statistical Results for Ingress of the Passenger.
Parameter Regression Coefficient Chi-square P-value
Ingress Ride Egress Ingress Ride Egress Ingress Ride Egress
Regression 24.63 23.518 24.21 0.01 0.015 0.012
Constant -18.56 -23.97 -18.24
Sitting Height 0.343 0.201 0.369 1.02 3.82 10.83 0.002 0.051 0.001
Buttock to Knee Length -0.194 0.037 -0.081 0.47 0.02 0.09 0.491 0.884 0.771
Buttock to Popliteal Length 0.325 0.054 0.165 1.72 0.07 0.47 0.189 0.786 0.493
Knee Height 0.02 0.035 0.294 0 0.01 0.61 0.955 0.911 0.436
Popliteal Height -0.445 -0.046 -0.753 2.14 0.03 5.65 0.144 0.871 0.017
Shoulder to Elbow Length 0.105 0.216 0.043 0.4 1.76 0.06 0.526 0.185 0.801
Elbow-Fingertip Length 0.048 -0.207 0.036 0.07 1.53 0.04 0.795 0.217 0.843
Shoulder Breadth 0.0699 0.0043 0.0086 0.57 0 0.01 0.451 0.96 0.928
Hip Breadth 0.0474 0.0891 0.0044 0.62 1.76 0 0.495 0.185 0.952
Hand Length -0.294 -0.126 -0.034 0.62 0.12 0.74 0.431 0.729 0.391
Handbreadth (metacarpal) 0 0.389 0.563 0 1 1.54 0.999 0.316 0.215
Table 7.Fitting Data to the Regression Model.
Regression Model Input Y'
Ingress Ride Egress
Average 0.8585602 -2.922999731 1.550956423
75th Percentile 1.6599804 1.6344628 7.7355656
25th Percentile -0.1640008 -0.7154856 5.6222288
Min -1.71422 -2.96822 3.53016
Max 4.386532 4.637938 9.966192
Table 8.Result of RULA/REBA.
RULA/REBA SCORE Meaning
Ingress (REBA) 11 Very High Risk, Implement Change
Ride (RULA) 3 Further Investigation, Change may be needed
Egress (REBA) 11 Very High Risk, Implement Change
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8. Conclusion
The popularity of tricycles as a mode of transportation is greatly offset by the fact that passengers are subject to 
discomfort when choosing this mode. Whether during the ingress/egress to and from the tricycle, or simply during 
the ride itself, a great majority of people still find riding the tricycle very uncomfortable and inconvenient at some 
points. Backed by numerous surveys and from actual data collection, this fact is strongly supported in saying that 
indeed modifications for the tricycle design and structure must be made.
Such modifications could be designed with respect to the anthropometric measurements of the passengers. The 
most significant factor of the presence of discomfort is sitting height, and with this comes the greatest correlation 
factor. Considerations could also be made regarding the predictions of the logistic regression model. Passengers 
with average or above average anthropometric measurements have a high probability of experiencing discomfort. 
The design of the tricycle is appropriate for the below average anthropometric measurements, or smaller passengers, 
but designing for the minimum should not be the case for a service like transportation. Accommodating the average 
and larger passengers would provide the comfort that the commuters look for when choosing a mode of 
transportation. 
Also according to the RULA assessment tool the ride needs a further study and change may be implemented 
while the result of the REBA assessment tool shows that the passengers were exposed to very high risk and an 
immediate change should be implemented. This is complemented by the surveys from the samples returning high 
values of discomfort (65% for ingress and 68% for egress). A new design for tricycles must be implemented to help 
cater to the growing concern of the tricycle sidecar being unsafe. This new design for the tricycles not only concerns 
the specific dimensions that are needed to be altered, but in fact this will also help in increasing the efficiency and 
maximize the space allocated for the passengers who will be riding in the sidecar. 
9. Recommendations
Based on the different data gathered and the analysis undergone during the entire study, it is highly recommended 
that a change in the overall tricycle structure must be done in order to prevent prolonged strain from riding the 
tricycle. From the data gathered from all the respondents who ride the tricycle, it can be seen that a great majority of 
them have difficulty in embarking and disembarking the tricycle. Knowing this, changing the dimensions of the 
tricycle, especially the door width and height, are necessary steps in order to lessen the difficulty in riding the 
tricycles. 
The tricycle doorhas the average values of 92.71 cm and 42.67 cm for the height and width respectively.
However the passengers were having difficulties in embarking and disembarking especially because they tend to 
bend over a lotin order to get in the tricycle which reflects in the gathered results in the REBA so an added 10cm for 
both the door height and width would be necessary.Through widening and increasing the door’s height, there will be 
lesser risk in incurring unnecessary strain.
Awkward neck postures were also observed during the tricycle ride since the shape of the sidecar tends to bend to 
an angle of about 5 - 15 degrees which makes the ride uncomfortable. The shape should be redesigned and it is 
highly recommended to remove this bend in order to decrease the unnecessary strain experienced by the passengers.
Also, based on the observations done on the tricycle, specifically the inside of it, there are some measurements 
that can be altered so that to maximize the space inside. The compartment container which is placed on the leftmost 
side of the sidecar can be removed in order toadd more space. The compartment is used as coin holders for payment 
to the tricycle ride. However it is used rarely and in fact it is used as an additional seat to cater to another passenger, 
which brings the total amount of people riding inside the sidecar to 3 people which makes it even more 
uncomfortable. Only 2 passengers for the sidecar are recommended and the compartment can be removed in order to 
increase the space and increase the comfort for the passengers. 
The height of the seat from the floor can also be modified in order to increase the comfort of the passengers.
Based on the different data collected, on average this would only be 22.99 cm which is way below the average 
popliteal height of 45.07 cm. This would lead to passengers having awkward sitting positions which add to the 
discomfort and stress brought about in riding tricycles. Therefore, the seat height found on the tricycle sidecar 
2823 Neil John L. Dorado et al. /  Procedia Manufacturing  3 ( 2015 )  2816 – 2823 
should be increased so that it would be comfortable for the passengers. Also, an S shaped seat should also be used 
for the tricycle sidecar seat so as to lessen and relive the pain brought about by the tricycle seat. Having this type of 
seat which supports the back and the spineis essential in ensuring that there is no strain or at worst injuries that can 
occur during the entire ride experience. 
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